Abstract
Introduction
Antibiotics are drugs used for treating infection caused by microorganism such as bacteria or fungi and antibiotic resistance is the ability of microorganism to stand the effect of antibiotic. The resistance of infective bacteria to present antibiotics remains a clinical obstacle in the chemotrapy of many cancers to overcome the rapid development of drug resistance, new agents should preferably have chemical characteristics that clearly differ from those of existing agents. Thus led to the design and synthesize the new antimicrobial agents. 1,2,4-Triazole and its derivatives are an important class of compounds which possess diverse biological activities including anti-microbial, 1,2 antibacterial, 3, 4 antifungal, 5, 6 anti-inflammatory, 7 insecticidal, 8 anticonvulsant, 9, 10 antitumor activity, 11 anti HIV activity, 12,13 hypoglycemic 14 and anticonvulsant. 15, 16 Triadimefon and fluconazole which exhibits excellent fungicidal activities possessing 1,2,4-triazole nucleus. 17, 18 Compounds containing an azomethine group known as Schiff bases and are formed by the condensation of a primary amine with a carbonyl compound. Schiff bases attract much interest due to their synthetic availability along with antibacterial [19] [20] [21] [22] and antitumor 23 properties.
The synthesis and investigation of biological activity of 1,2,4-triazole glycosides have been stimulated by the finding that Ribavirin, β-D-ribofuranosyl-1,2,4-triazole-3-carboxamide, as potent drug against DNA and RNA viruses. 24 Moreover, sulfur-containing heterocycles represent an important group of sulfur compounds that are promising for use in practical applications. Therefore, it is interesting to report the synthesis of a new series of compounds in which the glycosyl moieties have been used as carriers for the heterocycles having the oxadiazole or triazole ring. It has been reported that the attachment of carbohydrate moieties to the 1,2,4-triazole nucleus through a thioglycosidic linkage enhances its antimicrobial activity. 25 Some novel S-β-D-glucosides of 5-aryl-1,2,4-triazole-3-thiones derivatives exhibited antibacterial and an-tifungal activities. 26 In our previous work, 27, 28 we reported the synthesis and antibacterial properties of new series of thioglycoside derivatives of 1,2,4-triazole moieties.
The above facts and our interest on design of potent antibacterial agents with 1,3,4-oxadiazoles and 1,2,4-triazole moieties, promoted us to synthesis novel substituted thioglycosides by reaction of α-D acetobromoglucose (6) with 4-amino-5-alkyl-4H-1,2,4-triazole-3-thiol Schiff bases 5(a-g). The newly synthesized multicompounds 7(a-g) are useful in probing biological activity such as antibacterial and antifungal effects. 
Bacterial and Fungal Strains

2. Determination of Inhibition Zone
The agar disc diffusion method was used for antimicrobial activity determination of the compounds using a previously described standard method. 29 100 µl of the tested microorganisms suspensions, adjusted to 106-108 CFU/mL were spread on the solid media plates. The compounds were dissolved in dimethyl sulphoxide and filtered by 0.45 µm Millipore filters for sterilization. The paper discs (6 mm in diameter) werm saturated with 10 µl of sample solution and placed on the inoculated agar. DMSO was used as the untreated control. These plates were incubated for 24 h at 37 °C for bacterial strains and 48 h at 30 °C for the yeasts. The diameter of inhibition zone (IZ) was measured in mm (including 6 mm diameter of paper disc). Gentamicin (10 µg/disc) and nystatin (50 IU) were used as positive control in antibacterial and antifungal assays, respectively. Analyses were performed in triplicate and expressed as average values ± SEM.
3. Determination of Minimum Inhibitory Concentrations (MICs)
The MIC values of the compounds were determined using the method of micro-well dilution assay. [30] [31] Briefly, the inoculants of the microbial strains were prepared from freshly cultured microorganisms that were adjusted to 0.5 McFarland standard turbidity. Serial dilutions of the compounds and standard samples were made in a concentration range from 5 to 1000 µg/mL in 96-well plates, containing Mueller-Hinton broth for bacterial strains and Sabouraud dextrose broth for yeast. Gentamicin and nystatin were used as standard drugs in identical conditions to test materials. The plates were covered with sterile plate sealers and then incubated at 37 °C under normal atmospheric condition for 24 h for bacterial strains and at 30 °C for 48 h for yeasts. The MIC values were considered as the minimum concentration of the sample which could inhibit the growth of microorganisms.
Result and Discussion
4-amino-5-alkyl-4H-1,2,4-triazole-3-thioles 3(a-c) were prepared by the condensation of aliphatic carboxylic acids 2(a-c) with thiocarbohydrazide. The reaction is improved by using carboxylic acids at thiocarbohydrazide melting point. This reaction is the selective method for the preparation of 4-amino-5-aryl/alkyl-4H-1,2,4-triazole-3-thioles 32 showed the absorptions at 3100, 1330 cm -1 which were attributed to N-H and C=S stretching vibration and a strong absorption at 1580 cm -1 which was assigned to the C=N stretching vibration. The 1 H NMR spectra showed a singlet signal at about 10 ppm due to (CH=N) and the absence of the chemical shift of 4-NH 2 in the spectra of 3(a-c) proving that the title Schiff bases 5(a-g) were formed.
In our attempt to obtain α-acetobromoglucose (6) at the first step D-glucose were treated with acetic anhydride in pyridine at room temperature gave 1,2,3,4,6-penta-Oacetyl-β-glucose and the anomeric bromination of this compound with hydrogen bromide in acetic acid gave 2,3,4,6-tetra-O-acetyl-α-glucopyranosyl bromide (6).
The existence of thiol-thione tautomerism is known for the compounds 3(a-c) and generally one forms is predominant. [34] [35] [36] [37] 3-S-β-D-glucosides-4-arylideneamino-5-alkyl-1,2,4 -triazoles 7(a-g) were synthesized by the reaction of 3-alkyl-4-amino-1,2,4-triazole-5-thione Schiff bases 5(a-g) and the peracetylated β-pyranosyl bromide (6) in the presence of potassium carbonate as a weak base in dry acetone. (Scheme 1).
Anomeric β-configurations of the S-linked glycosides 7(a-g) were supported by their 1 H NMR data. The chemical shifts of the anomeric proton signals of thioglycosides revealed around δ (6.20) with a large coupling constant J 1,2 values of (9.3) Hz which consistent with the reported data for S-β-D glycosides.
The result of the antibacterial and antifungal activity shows that all the compounds have lesser activity than corresponding standard compounds and the target compounds exhibited better antifungal activity than anti-bacterial activity. However the anti-bacterial results showed that against Staphylococcus aureus compounds (7b) and (7d); against Bacillus cereus compounds (7b), (7a) and (7d); have comparable activity with Gentamicin as Standard. The antifungal study results revealed that against Aspergillus niger compounds (7a) (7b) and (7e); against Candida albicans (7a), (7b) and (7d) have comparable activity with Nystatin as standard. Though compound (7b) was found to have the highest activity against Bacillus cereus and compound (7a) was found to have the highest activity against Candida albicans among all the tested compounds.
Experimental
1. General
The melting points of all compounds were recorded on a Philip Harris C4954718 apparatus without calibration.IR and 1 H-and 13 C-NMR spectra were recorded on Thermo Nicolet Nexus 670 FT-IR and Bruker Avance 300 MHz spectrometers, respectively. Thin layer chromatography (TLC) analyses were carried out on silica gel plates. All chemicals were purchased from Merck (Tehran, Iran) and used as received by standard procedures. All of the instruments, chemicals and solvents were dried according to standard methods. Freshly distilled solvents were used throughout, and anhydrous solvents were dried according to the method reported by Perrin and Armarego. 38 Microanalyses were performed on a Leco Analyzer 932.
2. General Procedure of Synthesis of 4-amino-5-alkyl-4H-1,2,4-triazole-3-thiol 3(a-c):
Table1 A mixture of thiocarbohydrazide (0.01 mol) and carboxylic acid (0.01 mol) was heated until it melted. The mixture was consistently refluxed for 40 min. The product obtained on cooling was treated with a sodium bicarbonate solution to neutralize the unreacted acid if any. The product was then washed with water and collected by filtration. The solid product was recrystallized from a distilled water. 32 5-alkyl-4-((pyridin-3-ylmethylene) amino)-2,4-dihydro-3H-1,2,4-triazole-3-thione 5(a-g) :
General Procedure for Synthesis of Schiff bases of (E) -
To a suspension of substituted pyridine carboxaldehyde 4(d-f) (0.2 mol) in ethanol (1 mL), an equimolar amount of corresponding 4-amino-5-alkyl-4H-1,2,4-triazole-3-thiol (0.1mol) 3(a-c) was added. The suspension was heated until a clear solution was obtained. Then few drops of concentrated sulfuric acid were added, and the solution was heated for 6 hrs on a water bath, the precipitate solid was filtered off and recrystallized from in ethanol. 33 
General Procedure for Synthesis of 2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (6):
It was also prepared according to the literature procedure. 39 
General Procedure for Synthesis of 3-S-β-D-glucosides-4-arylideneamino-5-alkyl-1,2,4-triazoles (7a-g):
A mixture of compound 5(a-g) (1 mmol) and potassium carbonate (1 mmol, 0.138 g) in dry acetone (25 mL) and 2 drops of Dimethylformamide were stirred for 1 hrs, then glycosyl bromide (6) (1.2 mmol, 0.410 g) was added. Stirring was continued overnight, and then the reaction mixture was heated under reflux for 2-4 hrs. After cooling, the mixture was filtered, then the precipitate of the compound was submitted to column chromatography (SiO 2 , EtOAc/hexane, 3:8). 27 
(E)-5-methyl-4-((pyridin-4-ylmethylene) amino)-2,4-dihydro-3H-1,2,4-triazole-3-thione (5a):
( -2-ylmethylene) amino)-2,4-dihydro-3H-1,2,4-triazole-3-thione 1,2,3,4,6-penta-O-acetyl-α-D 
(E)-5-methyl-4-((pyridin
Synthesis of
Conclusions
In summary, a series of 3-S-β-D-glucosides-4-arylideneamino-5-alkyl-1,2,4-triazoles 7(a-e) was prepared by reaction of 4-amino-5-alkyl-4H-1,2,4-triazole-3-thiol Schiff bases 5(a-f) and 2,3, 4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (6) in presence of potassium carbonate at room temperature for 24h and then 3h reflux. The structures of the target compounds have been characterized by 1 H NMR, 13 C NMR, and FTIR. All the newly synthesized compounds have been evaluated for their antimicrobial activities in vitro against two gram (+) bacteria, two gram (-) bacteria and two fungi. These compounds exhibited better antifungal activity than antibacterial activity. Though compound (7b) was found to have the highest activity against Bacillus cereus and compound (7a) was found to have the highest activity against Candida albicans among all the tested compounds.
